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ABSTRACT 
Magnetic  films  of Tb Fe were  prepared  with 
substrate temperatures Ph0m~~77K to 773k by flash 
evaporation and  the  perpendiculer  anisotropy Ku has 
been  studied  with  the  amorphous  nature. In a 
substrate  temperature  range of 77K to 62313, al1,film 
are  amorphous  and Ku increases  up to 7x106  erg/cm 
with the increase of the substrate temperature. A 
columnar  structure  could not be  found  in  this  range. 
The annealing effect for Ku was examined together 
with  structure  analysis. 
I 
INTRODUCTION 
Thin films of Tb-Fe system  attract  much  interest 
because of their amorphous nature, large magnetic 
anisotropy  perpendicular to the  film  plane  and  their 
magnetooptic  applications[l].  Many  papers  have  been 
published s o  far on the  origin  of  the  perpendicular 
anisotropy of this  system,  and  four  mechanisms  have 
been  proposed:  the  pair-ordering  model [ 2 1, local 
anisotropy model[3], columnar  structure  model[4]  and 
the magnetostriction model[5]. However, a leading 
mechanism is not found among them yet. Recently, 
Kobayashi et a1.[6] and Takeno et al.[7] reported 
that the perpendicular anisotropy of films this 
system  prepared  by vacuum  evaporation  changed 
eminently  with  substrate  temperature  Tsub. This fact 
is  considered  to  be  closely  related to a  mechanism of 
the  perpendicular  anisotropy. In the  present study, 
magnetic properties and structures of Tb Fe films 
prepared 'by flash  evaporation  with vari%s QZub  are 
examined. 
EXPERIMENTAL 
Thin films  of  prepared by flas  
evaporation of all~yb3$~~~r~freand this composition 
was  determined by EPMA  analysis.  Evaporation 
conditions  were  the  same as the  previous  report[7], 
but this time Tsub was raised up to 773K. The 
deposition rate was 60 nm/min. The film thickness 
was about 250 nm expect for a sample f o r  TEM 
observation  which  thickness  was 80 nm.  TEM  used  was 
a 1000 kV electron  microscope at Tohoku  University, 
JEM 1000. X-ray  diffractometer  experiments  were 
performed  using CU-KK radiation.  Conditions  of 
magnetic  measurements  were  the  same  as before[7]. 
RESULTS  AND  DISCUSSION 
Figure 1 shows the change of  the perpendicular 
magnetic anisotropy constant (Ku) measured at room 
temperature for as-evaporated Tb Fe films with 
Tsub. Here, Ku is the sum of 3%he69demagnetizing 
energy  and  the  observed  anisotropy. The latter  was 
derived  from  the  relation  between  torque  values  and 
the  magnetic field.strength applied  in  the  direction 
of 45" from the film plane[8]. As can be seen in 
Fig.1,  the  film  has  an  in-plane  anisotropy at 
Tsub=77K, and  with  the  increase  of Ts 
posititve  values  and  reachs 5-8 x 10 
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Fig. 1 Uniaxial anisotropy constant Ku of as- 
evaporated Tb 31Fe69 films  as  a  function of 
Tsub. 
Fig. 2 M-H hysteresis  loop  measured  for  the  film 
with  Tsub=473 K. 
500K. From Tsub = 300K to 623K all films have 
their  easy  axes  of ave age magnetization 
perpendicular to the  the  film  plane.  As an example 
of  magnetic  properties  of  films  in  this  Tsub range, 
Fig. 2 shows M-H loops  of  a  film  with  Tsub=473K  in 
the  parallel ( / / )  and  perpendicular (I) directions to 
the  film p ane. The perpendicular  m gnetic 
anisotropy  is  clearly shown in  this  figure. 
In Fig.  3  examples  of X-ray diffraction  patterns 
are shown, and  all  films  with Tsub = 77-623  K were 
identified to be amorphous. TEM observations were 
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Fig. 3 X-ray d i f f r a c t i o n   p a t t e r n s   o f   t h e   f i l m s   w i t h  
Tsub=473K,  573K, 673K and 773K. 
made on   the   f i lm  wi th  Tsub=623K  and t h e   r e s u l t s   a r e  
shown i n   F i g .  4 where  (a)  shows t h e   m i c r o s t r u c t u r e  
a n d   ( b )   t h e   e l e c t r o n   d i f f r a c t i o n   p a t t e r n .  From these  
f i g u r e s  i t  i s  c o n c l u d e d   t h a t   t h e   f i l m  i s  amorphous 
w i t h o u t   a n y   s t r u c t u r e   l i k e  a co lumnar   s t ruc ture .   The  
c o l u m n a r   s t r u c t u r e   c o u l d   n o t   b e   f o u n d   a l s o   n   t h e  
f r a c t u r e  e d g e  o f  t h e  f i l m  when i t  was observed by SEM 
wi th  a h i g h   r e s o l u t i o n   o f  2 nm.  When Tsub=673K, Tb 
and  TbFe phases  appeared as shown in   t he   midd le   o f  
F ig .  3 .  f t  was r e p o r t e d   t h a t   t h e   c r y s t a l l i n e   L a v e s  
phase of  JbFe2  hgs a l a rge   va lue   o fan i so t ropy  
c o n s t a n t  10 erg/cm a t  room tempera ture  [ 9 ] .  This  
a g r e e s   f a i r l y   E i t h   a n   b r u p t   d e c r e a s e   t o  a n e g a t i v e  
value  of  Ku -10 erg/cm' a t  Tsub=673K i n   F i g .  1 when 
t h e   a s y   a x i s  [Ill] of  TbFe phase i s  assumed t o   b e  
i n   t h e   f i l m   p l a n e .  A t  Tsu%=773K, a s  shown i n   t h e  
uppe r   pa r t   o f   F ig .   3 ,  TbFe phase  appeared  and  l ines  
of the nonmagnetic Tb phase  increased .  3 
To examine   the   thermal   s tab i l i ty   o f  Ku, two k inds  
of   f i lms   wi th  Tsub=473K  and 573K were a n n e a l e d   a t  
673K i n  a vacuum,  and the   changes   o f  Ku and  X-ray 
d i f f r a c t i o n   p a t t e r n s  a t  room temperature   were 
obse rved .   These   r e su l t s  are shown in  Fig.  5 and Fig .  
6 .  I t  i s  found  that   values   of  Ku d e c r e a s e   r a p i d l y  
a f t e r  a ha l f   hour   annea l ing   and   then   ecrease  
g r a d u a l l y  w i t h  a n n e a l i n g  t i m e ,  a n d  t h a t  t h e  f i l m  w i t h  
a l a r g e r  Ku i n   a s - e v a p o r a t e d  s t a t e  i s  more . s t a b l e  
t h e r m a l l y   t h a n   t h e   f i l m   w i t h  a s m a l l e r  Ku. A f t e r   1 6  
100 nm 
Fig .  4 TEM micrograph   and   i f f rac t ion  of  t h e  f i l m  
w i th  Tsub=623K. 
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Fig .  5 P l o t s  of Ku a t  room tempera ture   o f   f i lms  
wi th  Tsub=473K  and 573K a f t e r   h e a t   t r e a t m e n t  
i n  a vacuum a t  673K dur ing   var ious   t ime.  
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Fig. 6 (a) X-ray  diffraction  patterns  for  the  films 
with  Tsub=473K. (b) X-ray  diffraction 
patterns  for  the  films  with  Tsub=573K. 
h  annealing  the  phase  separation  may  be  produced in 
both films, as shown in X-ray  diffraction  patterns of 
Fig. 6, where  halo  patterns  split  into two  parts. 
From  the  results  obtained  in  the  present  paper it 
is  concluded  that  the  large  perpendicular  anisotropy 
produced  with  the  high  substrate  temperature  does not 
correlate  with  the  columnar  structure  model. 
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